2. a whole single soybean seed, a husked single one, or a crashed particle in a single grain cup (center hole diameter = 24 mm, Bran+ Luebbe Co.) (Photo 1-b)). 3. a small amount of soybean powder in a modified single grain cup (Photo 1-c)) : a small amount of soybean powder (about 8 mg) was taken into a modified single-grain cup (center hole diameter = 20 mm, Bran+ Luebbe Co.) with a small spatula, and the cup was jiggled slightly until the surface of the flour was arranged to the same or the horizontal level in the center of the cup, then the NIR spectra were measured. This cup was developed for measuring NIR spectra of a small particle and was successfully used for the analysis of the fatty acid composition of a single rapeseed as previously reported (Sato et al., 1998) . It has a smaller and deeper hole in it, and it has a sharper parabolic curve to the base than a normal one. This cup was also used for a small amount drilled soybean powder. 4. a standard amount of soybean powder (about 3g) in a standard cell (Photo 1-d)) . 5. extracted oil sandwiched between two slide glasses on a British cup (Photo 1-e)).
Photo 1. The sample presentation methods for the NIR measurements 2.4 Mathematical treatment on NIR spectral data for the calculation of the second derivative spectra and that of the standardization. The NIR wavelength range from 1600 to 1800 nm includes the information concerning the carbon chain length and the unsaturation of the fatty acid moieties (Sato et al., 1990 (Sato et al., , 1991 (Sato et al., , 1995ab, 1998 (Sato et al., , 2002abc, 2003 . However, in the original NIR spectra, the difference due to the fatty acid composition could not be detected, and the second derivative spectra were calculated. The default parameters for calculating the second derivative spectra were as follows: the size of the moving average was 24 nm; the size of the derivative segments was 24 nm; and the gap between the derivative segments was 30 nm. However, with this condition, a) a whole grain cell b) a single grain cup c) a modified single grain cup d) a standard cell e) a British cup www.intechopen.com
Soybean -Biochemistry, Chemistry and Physiology 510 the differences of the spectral characteristics do not appear. In order to strengthen this information and to make their differences clearer, the following parameters for calculating the second derivative spectra were adopted: the size of the moving average was 4 nm; the size of the derivative segments was 12 nm; and the gap between the derivative segments was 12 nm. Then, since the intensity level of the obtained second derivative spectral values were different, these NIR spectral data were further standardized in order to make the comparison easier by making the spectral value at 1600 nm as 0.0 and the spectral value at the minimum around 1724 nm as -1.0 (Sato et al., 2002c) as in the following equation:
The corrected or standardized 2nd NIR spectral data at xxxx nm = (-1)*(d2L(xxxx) -d2L(1600))/ (d2L(around 1724) -d2L(1600))
Results and discussion
3.1 A general NIR method NIR spectra have information of constituents, and the information is extracted from the NIR data using a computer, i.e., the relationship between NIR spectral values and the contents of the constituents or the property values is calculated using the statistical techniques of the multivariate analysis by comparing their variations with a computer. On the other hand, as for a colorimetric method ( Fig. 1-A) ), the dilution series of some fixed quantity or concentration of the target substance is prepared as a standard in advance. Next, a target substance in the sample is extracted, refined, and is made in the chemically same condition as this dilution series. Then, they are compared at the same unit. The substances both in the dilution series and in the extract are compared with the colorimetry. Also in the NIR method, there is surely a similar procedure for moisture content analysis (Osoborne & Fearn, 1986) . However, as for the general NIR method ( Fig. 1-B) ), the contents values and the spectral values are compared directly without any chemical treatments but with the mathematical conversions for emphasizing to make the relationship linear. The data are compared directly at the remained different unit of their own, or in the chemically different situation. The fluctuations of information both in the chemical data and in the NIR spectra are compared by a computer. The purpose of the NIR method is not only making the calibration equations (Fig. 2, Step I), but using them on the mother population to obtain individual numerical values (Fig. 2, Step II) for the decision-making (Fig. 2, Step III) such as the screening varieties in breeding projects, the quality control in the producing plant, the sample selection or rejection and so on. If you stop at the step I, you are suspected to only "make up the cover story". An NIR method is that this grand design of Fig. 2 is made work well. The NIR method is the tool for practical use. One's demand of the precision of the analysis depends upon one's purpose: sometimes precise, and sometimes rough. The relationship is one of the following things; a direct, an indirect, and a pseudo one. If you can take a risk judging from the SEP, RPD and so on, you can use any calibration equations you developed, sometimes not for an official use, but for your internal or private use. This might be the use in the unintended direction by a founder of NIR analysis. Genuine spectroscopists dislike this situation. However, you can use them with your self-responsibility. The statistics describes the events happened in the past. Then, if it grasps the principle, it can predict the events that happen in the future?! In general, when using an instrument, at least the zeroadjustment calibration is needed. As for the NIR method, the degree of the calibration becomes to the extreme extent. An NIR method is adjusted to the respective official method, and when the latter assumed to be stable and steady, the former demonstrates a very good performance. In NIR spectroscopy, multiplevariate analysis is mainly carried out for the analysis of fatty acid composition (Kovalenkoet al., 2006 ; Roberts et al., 2006 ) . The author takes another approach of not using multivariate analysis but examining the NIR spectral patterns or the assignments as in the following.
Characteristics of NIR spectra
Firstly, the spectra were examined. Figure 3 -a) and 3-b) show the original NIR spectra. As for powdered soybean (Fig. 3-b) ), there are absorption bands due to moisture (around 1960 nm), oil (1600-1800, 2120-2170, and 2200-2400m), carbohydrate (around 2100 nm), and protein (around 2180nm). However, as for extracted oil, only the absorption bands due to oil were clear (1600-1800, 2120-2170, and 2200-2400m). On the other hand, as for plural whole seeds (Fig3-a) ), oil and protein absorption bands are weak. Fig. 3 . The original NIR spectra of a) plural whole soybean seeds, and b) powdered soybean and extracted soybean oil.
A single seed, a peeled single seed, and a crashed peeled particle have similar spectral pattern as plural whole seeds, but small fluctuations. A small amount of powdered soybean has similar spectral pattern as a standard amount of soybean powder, but small fluctuations. In the following sections, discussion is proceded with soybean powder because of the clearer appearance in oil or fat absorbance region.
3.3 Examination of the conditions of calculating the second derivative spectra. Figure 4 shows the default second derivative spectra of soybean powder in the standard cup. It was calculated with the default parameter condition. A part of the spectra concerned (1600 -1800 nm) were also shown in Fig. 5 . Their fatty acid compositions are described also in Fig. 5 . No differences appeared. On the other hand, Figure 6 and 7 shows the second derivative spectra calculated with the other parameter condition. In this case, the differences were clearer. Their fatty acid compositions are described also in Fig. 7 . They were characteristic especially in the ratio of oleic acid moiety (C18:1) and linoleic acid moiety (C18:2). Using the parameters described above, a clearer difference was obtained as shown in Fig. 7 . Further, in order to make the spectral patterns clearer and to arrange the fluctuation level of the absorption to the same, the standardized second derivative NIR spectral values were calculated (Fig.8) . As the percentage of the linoleic acid moiety increased, the absorption band around 1708 nm was stronger downward in the corrected second derivative NIR spectra, because the spectral phase was reversed in the second derivative spectra.
As for a small amount of soybean powder analysis, the clear NIR spectra of it were obtained using a modified single-grain cup, because the modified cup had been improved for a better collection of the reflection light from a small amount of sample due to the sharper parabolic curved surface than normal single seed cup. A single-grain cup itself has a very small artificial effect around 1400 nm, but it does not affect the absorption bands due to oil. As for a small amount analysis, its spectra have small fluctuations, but have similar characteristics. Further, standardization makes them clearer.
www.intechopen.com (Fig.4) . Fig. 6 . The second derivative NIR spectra, calculated with the other parameter condition, of soybean powder in the standard cup.
www.intechopen.com Fig. 7 . A part of the wavelength region (1600-1800nm) of the other second derivative NIR spectra calculated with the other parameter condition (Fig.6) . Fig. 8 . The standardized second derivative NIR spectra of powdered soybean. Fig. 9 . The standardized second derivative NIR spectra of extracted oil.
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As for the NIR spectra of extracted oil, Two varieties were adopted as examples for the explanation. Their fatty acid compositions are described in Fig. 9 . They were characteristic especially in the ratio of oleic acid moiety (C18:1) and linoleic acid moiety (C18:2). Using the other parameters, a clearer difference was obtained as shown in Fig. 9 . The spectral NIR pattern was different from that of soybean powder. However, as the percentage of linoleic acid moiety increased, the absorption band around 1708 nm was stronger downward in the second derivative NIR spectra because the spectral phase was reversed in the second derivative spectra.
Relationship between the NIR spectral patterns and the fatty acid composition.
The standardized spectral value at 1708nm is adopted as an index of linoleic acid moiety in oil for further discussion. As for soybean powder in the standard cup, which was harvested in 1999, the correlation between the percentage of the fatty acid moiety and the standardized reading at 1708 nm was shown in Fig. 10 . Figure 10-a) shows the relationship of the percentages of linoleic acid moiety (C18:2) vs. the readings at 1708 nm, and the correlation coefficient was -0.803. The scattering plot shows: the stronger the standardized second derivative spectral value at 1708 nm downward, the higher the percentage of the linoleic acid moiety (C18:2) as mentioned above. The results showed that the rough estimation of the percentage of the linoleic acid moiety (C18:2) was possible. However, in this region, linolenic acid moiety (C18:3) has a little influence on the absorption band. There is a tendency for the linolenic acid (C18:3) to increase as the amount of linoleic acid (C18:2) increases. This is why a discrepancy from the regression line emerged when the linoleic acid (C18:2) moiety ratio increased as shown in Fig. 10-a) . Then, the correlation of the percentages of linoleic (C18:2) + linolenic acid moiety (C18:3) vs. the readings at 1708 nm was examined ( Fig. 10-b) ). The correlation coefficient improved dramatically. The discrepancy from the regression line diminished. Incidentally, the correlation coefficient between the linolenic acid moiety (C18:3) vs. the readings at 1708 nm was -0.717, because its ratio and the variation were small. On the other hand, in Fig. 10-c) , the correlation of the percentages of oleic acid moiety (C18:1) vs. the standardized readings at 1708 nm was shown. This shows the reverse correlation. On the other hand, as for a small amount of soybean powder from samples cultivated in 1999, the correlation coefficiencts between the standardized second derivative NIR spectral reading at 1708nm vs. linoleic acid moiety ratio, linoleic + linolenic acid moiety ratio, and www.intechopen.com
Soybean -Biochemistry, Chemistry and Physiology 516 oleic acid moiety ratio were -0.853, -0.947, and 0.877, respectively. In spite of a small amount analysis, clear results were obtained due to the standardization.
Relationship between the NIR spectral patterns and the fatty acid composition of the other materials harvested in 2000.
The correlation coefficients between the standardized second derivative NIR spectral reading at 1708 nm vs. oleic acid moiety ratio, linoleic acid moiety ratio, linolenic acid moiety ratio, and linoleic + linolenic acid moiety ratio (soybean samples harvested in 2000) described in Table 1 . When a seed coat was remained, the correlation coefficients of plural whole seeds and a single seed were not good. Figure 11 shows the scattering plots between the standardized second derivative NIR spectral reading at 1708 nm vs. linoleic acid moiety ratio for whole plural seeds. The characteristics mentioned above were poorly appeared, and then no good correlation was obtained as described in Tables 1 and as shown in Fig.11 . Fig. 11 . The scattering plots between the standardized second derivative NIR spectral reading at 1708 nm vs. linoleic acid moiety ratio for whole plural seeds. There is no good correlation.
The correlation coefficients showed: the stronger the absorption band at 1708 nm downward, the higher the percentage of the linoleic acid moiety as mentioned above. The results showed that the rough estimation of the percentage of the linoleic acid moiety (C18:2) was possible. However, in the case of whole plural seeds in a rotating cup, the inclination was not good enough. The variations of the samples harvested in 2000 were smaller than those in 1999: the smaller cultivated areas and the less varieties, and then their correlation coefficients were better for the powder analysis. Figure 12 shows the two year data combined. However, the regression lines were closely coincident. This method can be used for the selection of varieties with higher or lower levels of linoleic (or oleic) acid moiety ratio in soybean. The above-mentioned method did not use empirical calibration equations but was instead based on spectroscopic pattern analysis. There is no need to develop a calibration equation in advance. So far, the authors have successfully introduced the NIR method for single-seed, or very small amount, analysis of fatty acid composition, such as that in a sunflower seed (Sato et al., 1995b) , in sesame seed (Sato et al., 2003) , and in a rapeseed (Sato et al., 1998 report, the authors used a very small amount (about 8 mg) of soy flour, and this amount can be sampled several times from a single soybean seed. Using the nuclear magnetic resonance method, Yoshida et al. (1989) successfully carried out the fatty acid analysis of an intact single soybean seed. However, it took almost one hour for accumulations. On the other hand, it took only one minute in the authors' case. Further, when a Fourier transform type instrument is used instead of a scan type instrument, the measurement time becomes faster. Furthermore, if sampling of a small amount of soybean powder is possible using a mini-drill without destroying a hypocotyl in a seed, germination ability can be retained, and the method can be adopted for screening of the varieties not only with the required fatty acid composition but also with useful properties linked with the fatty acid composition based on the spectral assignments. The authors have successfully introduced a nearly nondestructive method.
Conclusions
The near infrared (NIR) spectroscopy has been recognized as a powerful analytical tool and has been widely used for estimating the contents of the constituents or the property of various agricultural products. However, the NIR method is thought to be an empirical method using multivariate statistical analyses. In this chapter, the author took another approach based on the NIR spectral pattern analysis to develop a simple and rapid method for the determination of the fatty acid composition in soybean oil. The NIR wavelength range from 1600 to 1724 nm includes the information concerning the unsaturation and the chain length of fatty acid moiety. First, the author examined the conditions of the mathematical treatment for the conversion of the original spectral data to the second derivative one in order to make this information clearer. Then, the NIR spectral data was standardized to compare easily by making the spectral value at 1600 nm as 0.0 and the spectral value at the minimum around 1724 nm as -1.0. The correlation coefficient between the corrected second derivative NIR readings at 1708 nm and the percentage of linoleic acid moiety in soybean oil was good enough for a rough estimation of it even with a very small amount of powder. Using this technique, the authors examine the determination of fatty acid composition of other oilseeds: (husked) sunflower, rapeseed and sesame without developing the calibration equations. These findings give theoretical bases to NIR technology. Further, if this nondestructive method will be used as a marker of the property linked with the fatty acid composition, it will develop its use in the new fields.
